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290-330 ms. It was 80% 14/5) at $l-T delay of 290 ms, 80% (4/5) at $l-T de-
layof 300 ms, 70% (44/66) at Sl-T delay of 310 ms, 78% (7/9) at Sl-Tdelay
of 320 ms, 74% (17/231 at Sl-T delay of 330 ms and 0% (0/2) at $l-T delay of
340 ms. In no patients incremental ventricular pacing or alternating current
had to be used to induce VE
We conclude that a low energy (1-2J) shock, when synchronized to the
paced-T wave with $l-T delays of 290-330 ms, induces VF in over 70-80%
of the attempts. This precludes the need for prolonged ventricular bursts or
the use of alternating current and should, thus, be the preferred modality of
choice while inducing VF to check ICD function.
Influence of T-wave Shock Energy on Ventricular
Fibrillation Vulnerability in Humans
John F. Swartz, Marshall Stanton, Paul DeGroot. Rahul Mehra. St. Francis Hospital,
Tulsa, OK
Aims: This study attempts to relate the histological abnormalities on en-
domyocardial biopsy to the presence of late potentials.
Methods: Patients with 'idiopathic' VT were studied by time domain SAE
and endomyocardial biopsy. Biopsies were examined by a specialist cardiac
histologist and the occurrence of abnormality related to the presence of late
potentials.
Results: Fifty-two patients, mean age 34.6 ± 13.8 years were studied. Six
patients had endocardial thickening, 31 had interstitial fibrosis (quantified by
morphometric methods), 27 had fibrosis isolating myocardial cells into islets,
4 had leucocyte infiltration and 26 had adipose infiltration, Of these abnor-
malities, interstitial fibrosis was associated with the presence of late poten-
tials on SAE (Table). There was a strong relationship between the degree of
interstitial fibrosis and the prevalence of late potentials (Figure). Adipose in-
filtration was not related to the presence of fibrosis and not associated with
the presence of late potentials on signal-averaged ECG.
Signal-Averaged Electrocardiography
Osamu Kinoshita, Guy Fontaine. Gilles Lascault, Joeici Tonet. Robert Frank. Hopital
Jean Rostand, Ivry sur Seine, France
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We followed-up 244 consecutive patients (210 men, mean age = 56 ± 9 yrs)
who survived the acute phase (alive after day 7) of a first anterior (N = 102)
or inferior (N = 142) myocardial infarction (MI) with a mean follow-up (FU)
delay of 57 ± 18 months. In the acute phase, 97/244 patients (40%) received
a thrombolytic therapy. Within the second and third week after admission,
all patients underwent a Holter ECG monitoring graded by the Lown clas-
sification, a signal averaged electrocardiogram (SAECG) and a coronary an-
giography. Three parameters were measured by SAECG (predictor system,
40 Hz high-pass filter): total ORS duration (ORSd), root mean square voltage
of the last 40 ms (RMS) and duration of the terminal low «40 uV) amplitude
signal (LASI. The number of diseased vessels as well as the infarct related
artery (IRAI patency was evaluated by TIMI grading (TIMI 2 or 3 = patent)
and left ventricular ejection fraction (LVEF) was measured angiographically.
Cox proportional hazards model was used for the statistical analysis.
Results: We observed 18 arrhythmic events (AE): 10 sudden cardiac death
and 8 ventricular tachycardia during the FU period. Statistical analysis identi-
fied 3 independent factors predictive of the occurence of an AE: 1) LVEF, with
a risk multiplied by 1.9 for each 0.10 decrease in the LVEF value, 2) LAS, with
a risk multiplied by 1.3 for each 5 ms increase in LAS value and 3) absence
of thrombolysis, with a risk multiplied by 3.9.
Conclusions: After MI in the thrombolytic era the Holter ECG monitoring
and the results of the coronary angiography do not predict the risk of an AE.
LVEF, SAECG and absence of thrombolysis are the 3 independent predictors
of such a risk.
Conclusions: The presence of increasing degrees of interstitial fibrosis re-
lates to increasing prevalence of late potentials on signal-averaged ECG,
whereas these do not appear to relate to any of the other histological abnor-
malities examined. This strongly suggests that interstitial fibrosis is involved
in the genesis of late potentials.
Myocardial infarction may be followed by development of ventricular late
potentials (LP) and by impairment of left ventricular function.
The purpose of the present double-blind placebo-controlled study was to
Importance of Left Ventricular Ejection Fraction
and Signal Averaged Electrocardiogram but not
of Coronary Artery Patency nor Holter Monitoring
to Predict Severe Arrhythmic Events After a First
Myocardial Infarction in the Thrombolytic Era
Christian de Chillou, Olivier Bizeau, Luc Feldmann, Nicolas Sadoul,
Emmanuel Gazakure, Etienne Aliot. Department of Cardiology, University ofNancy,
France
Ventricular Late Potentials and Left Ventricular
Function After Early ACE-Inhibition in Myocardial
Infarction
Anders Junker, Palle Ahlquist. Per Thayssen, Kristian Angelo-Nielsen,
Hans Mickley, Mogens M",lIer. Department of Cardiology, Odense University Hospital,
Odense, Denmark
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The mean increase in WV duration with 2.0J shocks was 166 ± 134%, P
< 0.05. Increased WV duration was due solely to persistence of VF inducibil-
ity further into diastole. Maximal VF induction efficacy was 20/27 (74%) pa-
tients using 2.0J at 300 ms CI. Optimal induction with 0.6J was 17/27 (63%)
patients at a 280 ms CI.
We conclude that: 1) Window of vulnerability duration is energy depen-
dent, 2) Increasing shock strength extends the vulnerable period, 3) Greatest
induction efficacy for a single shock strength and CI is 74%, and 4) Need for
T-wave scanning may be minimized by increasing shock energy.
Delivery of low energyT-wave shocks may induce ventricular fibrillation IVFI.
Clinical use of this induction method is hindered due to the need for T-wave
scanning with multiple shocks to identify the window of vulnerability (WV)
to VE The purpose of this study was to test the hypothesis that WV duration
is directly related to shock strength. We studied the effect of shock strength
on WV in 27 consecutive patients undergoing nonthoracotomy Medtronic
7219C/D PCD implantation ortesting. WV duration was tested after a 3 pulse
400 ms drive byT-wave scanning between coupling intervals (CI) of 220-420
ms in 20 ms steps using randomized 0.6J and 2.0J truncated monophasic
shocks. The results were (mean ± std):
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Background: A significant number of patients with 'idiopathic' right ventricu-
lar tachycardia (VT) have abnormal histology on endomyocardial biopsy and
positive late potentials on signal-averaged electrocardiogram (SAE).
Signal-Averaged ECG (SAECG) was recorded in 28 patients (mean 38 ± 13
years, 19 men) with arrhythmogenic right ventricular dysplasia (ARVD) who
had sustained ventricular tachycardia and 35 normal subjects (mean 35 ±
11 years, 30 men). The Fast-Fourier transform analysis of SAECG was per-
formed using a Blackman-Harris window in a segment length of 120 msec
from 20 msec before the end of the QRS complex. Area ratio 1 (area of 20-
50 Hz)j(area of 0-20 Hz) and area ratio 2 (area of 40-1 00 Hz)/(area of 0-40 Hzl
were calculated. The mean value of area ratio 1 and 2 in patients with ARVD
was significantly higher than those of normal subjects (410 ± 340 vs 186 ±
28; p < 0.001, 174 ± 143 vs 41 ± 16; p < 0.001). Eighteen (64%) and 21
(75%) patients had a value greater than the mean ± 2SD value of normal sub-
jects. These results suggest that the frequency domain analysis of SAECG is
an available method for detecting late potentials in patients with ARVD who
have sustained ventricular tachycardia of the right ventricular origin.
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day 1 discharge 3-B months
LP + (WMI-EF) 43.2±81 453 ± 78 44.1 ± 93
LP - (WMI-EF) 46.8 ± 9.9 51.3 ± 87 531 ± 8.7
p = NS p < 0.03 p < 0.01
Abnormal Signal Averaged Electrocardiogram
Predicts Mortality in Patients with Non-Ischemic
Cardiomyopathy and Severe Congestive Heart
Failure
Daniel M. Bloomfield, Kathleen Hickey, Robert R. Sciacca, Marlon S. Rosenbaum,
James Coromilas. Columbia University. New York, NY
tionaI Td (40 Hz, Butterworth filter) and STA analysis were performed using
Del Mar 183 software. Resu/t There were significant differences in all STA
parameters (low slice correlation ratio, interslice correlation mean. interslice
correlation standard deviation and spectral entropy) between SD/PHF and
stable patients (p < 0.01). but in none of the Td parameters (tORS. LAD40.
RMS401. SD/PHF was more likely in patients with an abnormal (2::3 abnor-
mal STA parameters) compared to a normal STA result (56% vs 19%; p =
0.005). There was a significant difference in event free survival at 1 year be-
tween patients with abnormal and normal STA (61 % vs 88%; P = 0.03), but
the presence of late potentials was not discriminatory (72% vs 82%; P =
0.4). The sensitivity. specificity and total predictive accuracy for predicting
SD/PHF were 29%, 85% and 69% (p = 0.2) for Td and 53%, 83% and 74%
(p = 0.005) for STA analysis. The positive predictive characteristics curves
showed that higher positive predictive accuracies were achieved by STA
compared to those of Td analysis. The differences were significant at dif-
ferent sensitivity levels (at 50%. 60%. 70%. p = 0.05; 80%. p = 0.01). The
relative risk (95% Cl) of SD/PHF was 2.1 (0.7-6.0) for presence of late poten-
tials and 3.5 (1.4--9.2) for abnormal STA result. Conclusion STA analysis of
SAECG is a more sensitive and specific predictor of SD/PHF than Td analysis
for IDC patients and has an important role in clinical management.
Patients with severe congestive heart failure have a high mortality; many
deaths are thought to be arrhythmic. The presence of late potentials on sig-
nal averaged electrocardiograms (SAECG) identifies a substrate for reentrant
ventricular arrhythmias. We evaluated the prevalence and prognostic sig-
nificance of an abnormal SAECG in a prospectively followed population of
patients undergoing evaluation for cardiac transplantation. Ninety patients
were followed for a mean of 447 days. Twenty-six patients died and 17 pa-
tients were censored on the day of transplantation. Kaplan-Meier survival
curves were constructed and the effect of SAECG variables was tested with
a log-rank test. Fifty-four percent of the patients had a non-ischemic car-
diomyopathy and the remainder had an ischemic cardiomyopathy. Fifteen
patients had BBB and were excluded from this analysis. The average ORS
duration on 12 lead ECG was similar in ischemic cardiomyopathy and non-
ischemic cardiomyopathy groups (116 ± 23 vs 115 ± 19 ms, p = ns) and
the average toRS duration was similar in ischemic cardiomyopathy and non-
ischemic cardiomyopathy groups (131 ± 26 vs 132 ± 21 ms. p = ns). Forty-
four percent of the non-ischemic cardiomyopathy group and 50% of the is-
chemic cardiomyopathy group had an abnormal SAECG (defined as having
2 ofthe following: fORS > 114 msec. RMS < 20 fLV. LAS > 38 msec). An ab-
normal SAECG was associated with mortality in the non-ischemic cardiomy-
opathy group (p < 0.05) but not in the ischemic cardiomyopathy group (p
= ns). Twenty-eight patients had ORS duration 2:: 120 ms on 12 lead ECG.
When these patients were excluded, 20% of the non-ischemic cardiomyopa-
thy group and 41 % of the ischemic cardiomyopathy group had an abnormal
SAECG and an abnormal SAECG still predicted mortality in non-ischemic car-
diomyopathy group (p < 0.001) but not in ischemic cardiomyopathy group (p
= ns). In conclusion, an abnormal SAECG is associated with increased mor-
tality in non-ischemic cardiomyopathy but not in ischemic cardiomyopathy.
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Surface Laplacian ECG Maps Provide a Sensitive
and Localizing Measure of Cardiac Ischemia
David E. Leeman, Samuel J. Shubrooks, Kevin S. Librett, Paul E. Grimshaw,
Richard J. Cohen. Deaconess Hospital, Boston, MA; Massachusetts Ins~'tutue of
Technology, Cambridge, MA
At discharge LP was present in 12/28 pts on placebo and 2/28 pts on
enalapril (p < 0.01). At 3-6 months LP was present in 11/27 pts on placebo
and 3/28 on enalapril (p < 0.05).
Thus 1} LP predicts a lack of improvement in left ventricular function and 2)
early ACE-inhibitor treatment may modify the presence of LP after myocar-
dial infarction.
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evaluate 1) the association between LP and a change in left ventricular func-
tion and 2) the effect of acute «24 h) Lv. enaprilat followed by 3-6 months
of oral enalapril on the presence of LP.
Left ventricular function was evaluated by echocardiography day one, at
discharge and after 3-6 months using global wall motion determined ejec-
tion fraction (WMI-EF). LP was measured at discharge and after 3-6 months
using 2 out of 3 criteria (40 Hz): 1. ORS-duration > 115 ms, 2. RMS 40 < 20
microV and 3. LAS > 38 ms.
At discharge LP was present in 25% In = 14) of the pts prospectively
randomised to enalapril (n = 28)1placebo (n = 28).
WMI-EF in pts with/Without LP at discharge:
To test the hypothesis that Laplacian surface electrocardiography provides
a sensitive and local measure of coronary ischemia, we studied six consec-
utive patients undergoing balloon angioplasty. Three self-adhesive pads of
electrodes containing 84 multipolar Laplacian electrodes were applied to
the anterior and left-lateral thorax. Laplacian electrograms and a standard
12 lead ECG were recorded prior to and during each balloon inflation. The
ratio of ST segment shift to baseline ORS amplitude (ST/O) was computed
for the Laplacian electrodes and the standard 12 leads. Defining ST/O = 0.1
to be the minimum significant ST shift, Laplacian maps in all six patients re-
vealed a significant ST shift during balloon inflation while the 12 lead ECG
revealed a significant 5T shift in only three patients. The mean peak value of
ST/O in the Laplacian maps was 0.40 versus 0.13 in the 12 lead ECG (p =
0.01). Laplacian maps of ST/O showed localized elevation over the expected
region of distribution of the occluded vessel, often surrounded by a region
of negative ST/O. The unipolar leads revealed a diffuse bipolar pattern of ST
segment shift. Conclusion: Body surface Laplacian mapping may provide a
sensitive and accurate noninvasive means of detecting and localizing cardiac
ischemia, superior to the 12 lead ECG.
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Laplacian ST/O map during distal left anterior descending coronary artery
occlusion.
1961-81 I Time Domain and Spectral Turbulence Analysis of
Signal Averaged Electrocardiography as
Prognostic Determinants in Idiopathic Dilated
Cardiomyopathy
New Imaging Protocols and Pharmacologic
Stress
Tuesday, March 21,1995, Noon-2:00 p.m.
Ernest N. Morial Convention Center, Hall E
Presentation Hour: Noon-1 :00 p.m.
Hosen Kia!, Cyndi Williams. Fan Ping Wang, Guido Germano. Kenneth Van Train,
John D. Friedman, Mark Hyun. Daniel S. Berman. Cedars-Sinai Medical Center Los
Angeles, California
Rest TI201(TI}/stress Tc-sestamibi dual isotope SPECT (DIMPS) is an effi-
cient myocardial perfusion protocol. Patients with rest defects. however, fre-
quently require late TI redistribution imaging the next day. Thus. we recently
implemented a modified DIMPS (M-DIMPS). with 3.5 mCi TI injected at rest
the night before stress testing. On the day of stress testing, 12-18 hr redis-
tribution TI (late TI) SPECT was performed prior to stress sestamibi study.
Yi Gang, Philip J. Keeling, Jonathan H. Goldman, Katerina Hnatkova, Sonia Bent,
William J. McKenna, Marek Malik. Department of Cardiological Sciences, Sf George's
Hospital Medical School, London, UK
Identification of patients with idiopathic dilated cardiomyopathy (IDC) with
poor prognosis [sudden death (SO) or progressive heart failure (PHF)] repre-
sents a major management problem. The signal averaged electrocardiogram
(SAECG) is potentially a non-invasive marker of clinical outcome in IDe. This
study compared the ability of time domain (Td) and spectral turbulence anal-
ysis (STA) of the SAECG to predict SD/PHF in IDC patients. SAECG were
recorded in 58 consecutive patients with IDC (WHO criteria; age 41 ± 14
years) presenting to our hospital and followed over 26 ± 19 months. During
the follow up 17 patients had SD/PHF and 41 remained symptomatically and
echocardiographically stable. In this population, 27 patients with left bundle
branch block or who took anti-arrhythmic drugs had been excluded. Conven-
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